EXECUTIVE SUMMARY

Thewidespread degradation and | oss of the main reef-building corals, elkhorn coral and staghorn coral, on
coral reefsthroughout the Caribbean wasthefocus of athree-day workshop held at the University of
Miami’sRosenstiel School of Marineand Atmospheric Science (RSMAYS). Theworkshop was sponsored
by the National Oceanic and Atmospheric Administration (NOAA Fisheries) to obtain statusreports about
thedistribution and abundance of thesecorasin Florida, Puerto Rico, theU.S. Virgin Idands, and the
wider Caribbean. Workshop participantsincluded cora reef biologists, ecologistsand geologists, resource
managersand policy expertsfromthe U.S. and Caribbean, with representation by Federa, State, Territorial
governments, universitiesand non-government organi zations.

Elkhorn and staghorn cora sare thetwo major reef building coralsin Floridaand throughout the Caribbean
that onceformed densethickets at shallow and intermediate depths, contributing significantly to reef growth,
idand formation, coastal protection, fisherieshabitat and biodiversity. Their decline haschanged many cord
reefsfrom spectacul ar three-dimensional living structurestoflat “ parking lot” stretches of seascape. Reports
heard at the workshop added to the building body of evidencethat elkhorn and staghorn coralshave
declined significantly in abundancefromtheir historical levelsand throughout their range acrossthe
Caribbean region. Disease outbreakswereidentified asamajor cause of cora loss, but habitat
degradation, storm damage, cora bleaching, outbreaksof predators, competition by encrusting and
bioeroding organisms, physica damagefrom anchoring and ship groundings, and other humanimpactshave
alsokilledlargeamountsof coral. Asrecently asthe 1980sthese coral swere acommon feature of many
reef environments, wherethey formed densethicketsand extensive stands of hedlthy, fast-growing cord.
Thelossof these specieswill resultinamagjor loss of reef function and structure and may contributeto
accelerated coastal erosion.

Elkhorn (Acropora palmata) and staghorn (Acropora cervicor nis) coralswere added to the Candidate
SpeciesList of the Endangered SpeciesAct (ESA) in 1999 by NOAA'sNational Marine Fisheries Service
(NMFS)L. Themainintent of theworkshop wasto gather additional information onthe status of these
cords, evaluate how effective existing measuresare at protecting these species, and propose additional
conservation strategiesthat need to beimplemented to restore these species. Four working groupswere
established and charged with evaluating the: 1) statusand trends of elkhorn and staghorn cora populations
and threats affecting surviving coras; 2) biology and ecology of the speciesasit affectsfuturetrendsand
potentia rebuilding of thespecies; 3) management optionsto conservethe species,; and 4) information
needsto aid intheir conservation. In addition to the specific recommendations devel oped by theworking
groups, dl participantsagreed that amg or, well-organized effort isneeded to systematically identify the
causesof thedecline, pull together what'sbeen done, and determine exactly what needsto bedoneto halt
theloss of these species; improvetheecological and physical conditionsof thesereefs so they can once
again support elkhorn coral and staghorn cora populations; and devel op strategiesto promote cord
recruitment and restore degraded cora populations.

Theworkshop participants concluded that recent informationisavailableon their statusfrom 60-75% of al
reefswherethese speciesoccur. Both speciesstill occupy their historic range, athough localized range
reductions and extirpations have occurred. Most popul ations have experienced | osses of 80-98% of their
1970sbasdline, dthough healthy standsaretill foundin afew locationsand limited recovery through sexual

Acropora prolifera is mentioned in several reports and abstracts throughout these proceedings, but it was not
listed as a candidate species for the ESA and was not considered a separate species during thisworkshop. Vollmer
and Palumbi (2002) present data that demonstrate that A. proliferaisamorphologically variable, first generation
hybrid of A. palmata and A. cervicornis.
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recruitment and/or regrowth of fragments hasbeen observed. Over thelast year A. palmata populationsin
anumber of locations have been stable, although at only 5% of their historical abundance. Thereare
numeroussiteswhere additiona populationsare highly vulnerableto extirpationsover thenext 5-20 years.
Onaregional scale, there have been few signsof recovery sincetheinitia decline. However, throughthe
development and i mplementati on of management actionsthat dleviate or minimizethethreatsimpacting
these species, thereisahigh potentia for recovery.

Caribbean Acroporidshave severa uniquelifehistory strategiesthat canalow coloniesto persist and
recover under theright environmenta conditions. Although they exhibit infrequent or sporadic sexua
recruitment, these species can rapidly recol onize an areathrough aprocessknown asfragmentation. A
certainfrequency and intengity of stormsisthought to beimportant in maintaining and rebuilding local
popul ations by breaking and dispersing branches, which can reattach and regrow. However, in many
locations, popul ations have been reduced to such an extent that the potential for recovery through regrowth
of fragmentsislimited and recovery isdependent on recruitment of sexual ly-produced larvae.
Unfortunately, fertilization success may aso declineasthese and other sessile benthic broadcast spawners
arelikely to exhibit density dependent reproduction. Inaddition, genetic variability of remaining colonies
may bedrastically reduced which can have positive short- term (locally-adapted disturbanceresistance
popul ations) but negativelong-term (ie. geneticintrogression) implications.

Although participantsfelt therewas sufficient information avail able on the status and trends of these species
and thethreatsthey faceto makeadecisonwhether an ESA listingisjudtified, they identified numerous
information gaps. Key research needsinclude studieson 1) the biol ogy of these species, with an emphasis
onreproduction; 2) geologic time scalesand linkagesamong past die-offsand therecent declinewith
respect to theimportance of natural versus anthropogeni c disturbances; 3) etiology and epizootiology of
cora diseases; 4) genetic sudiesincluding linkagesamong popul ations, geneti c exchange between
populations, and effect of disturbance on genetic diversity; 5) scientificinformation on demographic
parametersand habitat-based variables; and 6) eva uation of strategiesto enhancerecovery, including
propagation and transplantation into degraded areas and techniquesto mitigate threats. Oneof thekey
needsthat iscurrently lackingisamodel for modular (colonia) organismscapableof providing areliable
method to predict the current risk these speciesface and potential for thisto continueinto thefuture.
Emphasisneedsto be placed on the devel opment of amodel that incorporates demographic parameters,
lifehistory traits, and threats.

Theoveral conclusion of al participants of theworkshop wasthat 1) both Acropora palmataand

A. cervicornishave been severely reduced throughout their range; 2) these species have many mechanisms
for recovering from physica damageincluding the devel opment of new coloniesfrom fragments; 3) thereis
limited recovery occurring in some areasthrough both sexual and asexud recruitment; but 4) itisnot clear
that these specieswill be successful at recovering to their former extent without specific management
interventions, given the current assault fromthe overal, unprecedented combination of stresses, including
biotic factors (predation and disease), massbleaching events, physica damagefrom hurricanes, anchorings,
and ship groundings, and degraded water quality. Thesecorasarecritical componentsof Caribbean coral
reef ecosystemsand both the structural and ecological rolesof Acropora spp. are unique and cannot be
filled by other species. Thereforeitisessential that management initiativesare undertaken to addressthe
threatsaffecting these corals, protect remaining popul ations, and rebuild and recover degraded popul ations.
Conservation effortsarelikely to be most effective when each coral population isconsidered independently,
andany conservation action takesinto account the preservation of ahigh geneticdiversity. Acropora

pal mata and A. cervicorniscould benefit from the protection the ESA affordsand thelisting will provide

valuable added protection for many other reef speciesdependent onthem.
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Summary of Resolutions from the Biology and Ecology Working Group

1. Thestructural and ecological rolesof Acroporid coralsinthe Caribbean areuniqueand can not befilled
by other coral species. Their rapid accretion ratesand structural complexity areunmatched. Thelossof
thesecharactersticswill likely result inasignificant loss of reef function and structure. At present, thereisno
indication that any other Cariblbean cora species can replacetheimportant rolethat Acroporid corasplay
withinreef communitiesof theregion.

2. Two sources of disturbance, diseases and storms, wereidentified asthe main contributorsto theregional
declineof Acroporaspp. Inaddition, sourcesof mortality such aschemical pollution and space competition
from excavating sponges, wereidentified as* emergingissues’ wheremoreresearchisneeded tofully
predict their impacts.

3. White-band disease, which affects both Acropora palmata and A. cervicornis, isbelieved to have been
theprincipal cause of mortality inthese speciesthroughout the Caribbean regionin the past two decades.

4. Acroporid cora'smay requireacertain storm frequency to be able maintain and expand popul ations
through asexual recruitment when sexual recruitmentislimited. However, afrequent occurrence of ssorms
or aparticularly intense hurricane may impact colony and fragment surviva.

5. For Acroporid coras, which exhibit reportedly sporadic or limited sexual recruitment, asexua
reproduction can play amajor rolein maintaining loca populations. However, as popul ation abundance
decreases or disturbance patternsincrease to the point whereremaining coral populationsareno longer able
to survive and propagate by asexua means, therel ativeimportance of sexua reproduction and recruitment
increases. Anecdota evidence and observations made by reef researchersat severd |ocationsthroughout
theregionindicatethat both A. palmata and A. cervicornisdo indeed recruit sexually onto reefsand that in
severa instances popul ationsthat have experienced mg or declines (< 90%) are presently showing signsof
recovery from newly settled sexual recruits.

6. Theinformation available on patternsof asexual propagation hasshown that, under theright
environmenta conditions, fragmentation followed by fragment stabilization, survivorship, and regrowth can
providean efficient mechanism for maintai ning and expanding Acroporid popul aions. However, while
fragmentation followed by fragment stabilization and growth may have been sufficient to maintainand
expand Acroporid populationsin the past, recent patterns of regional decline haveincreased thereliance of
these specieson sexud recruitment asameans of establishing and sustaining populations. Accordingly, the
regiond recovery of Acroporid populationswill depend largely on thefuture success of sexua recruitment.

7. The scientific capability to assessthe potential for recovery of Acropora spp. populationsby sexua
propagation of surviving populationsisserioudy impaired at present by the general lack of knowledge of the
different aspectsof thisprocess. Thiswasidentified asakey research areawhere effortsneed to be
alocated inthefutureto determine: 1) spatial and temporal patterns of gameteformation and release;

2) size-stagethresholdsfor gamete production; 3) within and among colony variability in gamete production;
4) fertilization patterns, 5) transport and duration of larval stages, 6) larva survivorship patterns,;

7) settlement requirements and preferences of cora planulag; and 8) early survivorship and growth of sexua
recruits.



8. Inlight of therecent drastic decline of thesecritical structural (foundation®) species, itisimportant that
we understand theinfluence of disturbances on the genetic composition and genetic variability withinand
among Acroporid populations. Furthermore, faced with the uncertainty about their recovery and long-term
gatus, it isimportant to determinewhether these disturbanceshave modified underlying genetic variability,
favoring locally adapted, disturbance-resistant populations. Thisinformationwill becrucia to: 1) eva uate,
based on present genetic structure, the potential impact of future disturbances, and 2) determine, based on
prior genetic exchange, therecovery capability of local populationsfrom remaining regional sourcesof
propagules. Similarly, information ontheclona structure of the populationswill aidin the decision making
process on marinereserves and management plansby identifying specific locationsand populationsat risk
based on factors such asgenetic isol ation and genetic structure.

9. Thepreliminary resultshighlighted here can haveimportant conservationimplications- namely, each
coral population should be considered individually and any conservation strategy (esp. transplantation
studies) should takeinto account preserving ‘ meaningful geneticdiversity’.

Summary of Resolutions from the Status and Trends Working Group

1. Once dominant specieson shallow reefs(0-15 m depth) throughout the greater Caribbean, Acroporid
abundance has been drastically reduced in abundance and spatia dispersion. Inmany areas, previoudy
densaly populated subpopulations (or monospecific thickets) now consist of no or few individuals. Present
andfuturelikelihood of disturbanceto their abundance and habitat remains high dueto both natural and
anthropogenicfactors.

2. Thestatusof Acroporidshaschanged significantly sincethe 1970swith aregion widedecline occurring
inthe 1980s and subsequent localized declinesduring the 1990s. The 1970s representsabaselinefor
“stable, healthy” populationsand the 1980sasabaseline of theregional declineprimarily resulting from
white-band disease. Additional shifting basdlinesareuseful to understand local and current declines; for
exampl e, regiona mortality from diseaseiscompounded on alocal scaleby hurricanes, bleaching events,
and outbreaks of predators.

3. Acropora palmata and A. cervicor nis have experienced an unprecedented decline throughout their
historic range sincethe 1980s, including both asignificant reduction (lossof 80-98%) inthe number of
individua sand an extremereduction in areaof distribution. Neither specieshaverecovered totheir former
abundance. Somelocal A. palmata populations have been stable over thelast year with evidence of
recovery and limited sexual recruitment (e.g., USVI). Acropora cervicornisexperienced amore severe
declinewith no or few signsof recovery or sexual recruitment (except Broward County, FL). Acroporids
have ahigh likelihood of localized extirpation and possible extinction on ecological time scales(10-100yrs).

4. White-band disease (WBD) isbdlieved to bethe primary causefor theregion wide Acroporid decline
during the 1980s. Current factorscausing mortaity or stressare highly localized, with some areas showing
greater susceptibility to disease (e.g., FloridaKeys, Belize), predation (e.g., FloridaK eysand Puerto Rico),
and storms(e.g., USVirginldands). Giventhedeclined state of Acroporidsand theincreaseinthe
frequency andintensity of disturbances, these sengitive speciesare highly vulnerableto both natural and
anthropogenic stressors, especialy synergistic disturbances.



5. Anestimated 60-75% of the entire Acroporid population has been examined and enoughinformationis
availableto make adetermination whether these speciesare threatened or endangered. Approximately
5%, and no more than 10% of the population resideswithin USwaters. Several geographical areaswhere
moreinformation isneeded include Bahamas (especially southern), Nicaragua, Pedro Banks, northern
Cuba, Haiti, Banksoff of Turksand Caicos, SabaBanks, eastern Caribbean, and Trinidad and Tobago.

6. Thehistoric range of Acroporidsisbelieved to bethe sameasthe current range, athoughitisnot
poss bleto concludewith certainty giventhecurrent scientificinability to differentiategenetically distinct
populations. Loca rangereductionsand extirpationshave occurred and it isbelieved some popul ations
may bereproductively isolated. Giventheextent of declineand vulnerability to extirpation, itisbelieved
these coral sremain threatened throughout their range.

7. Toassst intherecovery of these species, more scientific information isneeded on both demographic
variablesaswell ashabitat-based variablesincluding 1) survival and fecundity by age and frequency
distribution of ages(sizeor stage structure?); 2) reliance of popul ations on asexual vssexual recruitment;
3) geneticdly distinct popul ations, minimum popul ation sizes, and amount of genetic exchange between
populations,; 4) juvenile population dynamics(e.g., survivorship, growthrates); 5) importance of habitat
variablesto recruitment and adult survivorship (e.g., standing dead colonies, vertica relief, habitat
condition, crossshef position); and 6) location of “endmember” popul ations and those showing signs of
recovery and/or sexua recruitment.

8. Acropora palmata and A. cervicorniswarrant further listing under the Endangered SpeciesAct (ESA)
and could benefit from the protection the ESA affords. Acroporidsarelikely toqualify for listing as
threatened or endangered species because of the significant reductionin their abundance and high
likelihood for future popul ation declines; the current loss of habitat and potential for futurelossof range
remainshigh; they are highly susceptibleto severe popul ation reductionsdueto disease and predation,;
therearefew existing regulatory mechanismsto minimizefurther reductionsor impacts; and both natural
and anthropogenicfactorsarelikely to affect their continued existence. Thelikelihood of extinction for
both species could bereduced by aleviating threats and implementing strategiesthat promotetheir
recovery. Thelisting of these specieswill provide valuableadded protection to both corals, aswell asthe
many other species dependent onthem.

ISpeciesof large effect fall into two general categories: 1) structural or foundation species, which provide most of the three-
dimensional architectureinwhich other speciesfind shelter and food; 2) keystone species, which by virtue of their high rates
of consumption and their generalized diets, exercise disproportionate control over the distributions, population sizes, activi-
ties, and adaptive characteristics of many other species (Vermeij, 2001). Based on this definition, the workshop participants
determined that Acropora palmata and A. cervicornis are (1) structural or foundation species.

2Stage structure refers to aparticular life history stage of Acropora spp., including asexual recruit, fragment
and whole colony.



Summary of Resolutions from the Management Working Group

1. Theexisting regulatory framework inthe U.S. anditsterritories, aswell asin many Caribbean nations
offerslimited protection to Acroporid popul ationsthrough 1) the establishment of parks, sanctuariesand
reserves, 2) fishery management plansthat limit or prohibit thetakeof coras, restrict theuse of fishing gears
that cause habitat damage and breakage of corals, especially no-takereserves; 3) federal, stateand
territoria programsto establish and maintain mooring buoysto minimize coral breakage associated with
anchoring; and 4) coastal zone management strategiesthat address shoreline development, sewage
treatment and discharge, and destruction of associated habitats such as mangroves. However, the
existing regulatory structureis insufficient for most Acropora populations, additional measuresare
necessary toimprovewater quality, addresscoastal devel opment, improve navigational aids, address
habitat damagefrom anchoring, destructivefishing gears, and boat groundings, and enhance enforcement.

2. A variety of protected areasexistin Florida, USVI and Puerto Rico, including National Monuments,
Sanctuaries, Reserves, and Wildlife Refuges. Theseand other areasaretypically zoned for specific or
multiple uses, ofteninclude no-take areas, and offer various protective measures such asaprohibition on
extractiveactivities. However, in generd, they encompassareatively small portion of thetotal Acropora
habitat, they offer limited protection from variousenvironmental impactssuch aswater quality issues, and
enforcement may belimited or lacking.

3. Overthelast fiveyearsFlorida, USVI, and Puerto Rico have made major conservation advancesthrough
the establishment of varioustypes of marine reservesand proposalsfor new marine protected areas. Many
of these have been established in coordination withinitiativesto address habitat destruction through fishing
gear regulations, instal lation of mooring buoysand navigational aids, no anchoring zones, improved
wastewater trestment, and other measures.

4. Coral reefsand associated habitats providefishery resourcesthat represent acritical source of food, but
increased rates of collection and associated habitat destruction are threatening the regenerative capacity of
of these speciesand critical linkagesamong species, and in some casesare contributing to phase shifts. A
number of management initiatives have been proposed including improved monitoring and protection for
fishery resources; greater habitat protection through establishment of no-take MPAsand other efforts;
measuresto protect spawning popul ations; elimination of destructivefishing practicesand gears;
implementation of gear restrictions; and incorporation of ecosystem-scale considerationsin Fishery
Management Plans.

5. Coral diseasesand coral predators need far more study. Managers need to know the causes of diseases
affecting Acroporids, how diseasesaretransmitted, and any actionsthat can betaken to reducetheir
negativeimpactson Acropora populations. Effortsshould be madeto determinethe degree of disease

resi stancethat existsamong clones, and genetic mechanismsfor resistance. Researchisasoneededto
determinethe efficacy of programsto control potential “pest” speciessuch asCoralliophilaabbreviata
and Segastes planifrons.



6. Pollution and sedimentation could be signficantly reduced by fully implementing existing authoritiesamong
variousfederal, stateand territorial agencies, but thiswill requiregreater effortsto monitor existing water
quality, expanded studiesto determinethe ecological relevance of variouspollutants, and improved
permitting mechanismsfor development projectsthat affect cora reefs. Locd partnershipsamong
governments, land owners, industry and the public are necessary to implement measuresto reduce land-
based runoff and prevent discharge from known point sources.

7. Coral mariculture, aquaculture and other propagation techniques, along with transplantation, and
reattachment of dislodged Acroporafragmentsmay provide afeasible strategy to rebuild degraded
Acropora populations. Theseeffortsmay beespecialy useful inareasfor which natural recovery isunlikely
(dueto an absence of parent coloniesor sexual recruits), and on asmall scaleto speed up recovery
following a ship grounding. However, care must betaken to ensure that source coral populationsare not
degraded, genetic diversity ismaintained, and potentia introductionsof pathogensor other invasivesare
avoided. Inaddition, restoration efforts should not be undertaken unlessthe source of thethreat hasbeen
identified and addressed. Becauseweknow very little about appropriate restoration strategies and
potential long-term benefits, al restoration efforts should be undertaken using an experimenta approach that

includesmeasuresto evaluate success.

8. A number of countries havetaken key stepsto protect coral reef ecosystemswithin their watersthrough
the devel opment of MPAs, implementation of Fishery Management Plans, and devel opment of strategiesto
addresswater quality issues. However, these effortsneed to be greatly expanded on alocal toregional
scaleand substantia new initiativesare necessary. Thereisaneed for improved sharing of information and
technical assistancefromtheU.S.; greater effortsto educate the public and user groupsregarding the
importanceof coral reef ecosystems, threats, and solutions; and better cooperation among different
government agencies, non-government organizations, industry and the public.

9. Severa regional and international fora, including CaMPAM, SPAW, ICRI, GCRMN, CITES, AGRRA
and CARICOMP areavailableto assst intheregional and internationa protection of Acroporid corals
through improved management, monitoring, and conservation. However, therearevariouslimitationswith
theseinitiatives, such asfunding and leadership problems, acapability to adopt measuresthat address
important concernsbut not necessarily themost critical concernsfor these species, and limited public,
government and/or industry support.

10. AnESA listingwould provide additiona necessary conservation mechanisms, above and beyond the
existing toolsavailableto resource managers. Thelisting could protect and restorethese specieswhile
providing added benefitsfor associated species; it would providefor increased recognition and awareness
of cord reefs, their importance and their vulnerable condition; and it would enhance our ability tofill
information gapsthrough support for targeted research and monitoring. An ESA listing would a so add
additional burdensand costsfor increased management, enforcement and permitting of activities. Nosingle
mechanismislikely to be sufficient to halt the decline of these coralsand enhancetheir recovery. Itislikely
that managerswill haveto apply all of their toolsto ensurerecovery of these species, including application
of theESA.



Summary of Resolutions from the Information Needs Working Group

1. Thereisaneed to compileexisting maps, historical and current aerial photographs, bathymetric
information, airborne sensor dataand other types of information showing existing and potential Acropora
habitats and associated terrestrial and marine habitats essential to the conservation of Acroporids. These
datashould beincorporated into aGl S databaseto delineate critical habitat and design appropriate
conservation strategiesto protect theseareas. Whileagood deal of recent informationisavailablefrom
U.S. locations, thereisaneed for ground truthing of mapsand improved resolution of maps, aswell asa
need for expanded mapping effortsinnon-U.S. locations.

2. While sensor-based reef mapping technol ogies can provide high resol ution information on the distribution
of ecologica communities, current technology doesnot provideardiabletool to distinguish among species
of corasor condition (live, dead or diseased or bleached colonies). Thus, the use of sensor-based mapping
toolsmust be combined with underwater visua, video and photographic monitoring and assessment.

3. Thereisaneedfor larger, regional scale coring programsto compilealong-term record and comparethis
to present day changes.

4. We need toimprove our understanding of the nature of recent regional declinesin Acropora populations,
and whether evidencefor causes of past declinesare preserved inthe geochemistry of Acroporafossis, to
determinewhether the observed declineis part of anatural cyclical processfor which natura recovery is
likely, or whether anthropogenic stressors have exacerbated these processes and may inhibit recovery.

5. Reef restoration at any scalewill have, at best, very limited successunlessthe causesof declineare
understood and action istaken to reduce these threats.

6. Transplantation and propagation of Acropora coloniesare viabletoolsto enhancerecovery at local
scales, but considerations such asappropriate sel ection of coloniesand fragments, the potentia effectson
genetic structure of populations, and the potentia benefits must be weighed against the probability of natural
recovery, other management interventions, and likelihood of long-term success.

7. Effortsto enhance sexua recruitment may provide auseful tool to promote recovery of populations, but
additional researchisneeded to understand different aspects of sexual reproduction, including basic
information on reproductivebiology, roleof water circulationin transport of larvae, and larva settlement
requirements.

8. Novel ecological restoration efforts, such as strategiesto enhance herbivory, reduce predation pressure,
eliminate pest species, and mitigate diseases may have benefitson alocal scale, butitiscritical that these
efforts be undertaken using a science-based approach that i ncorporates effortsto understand ecological
processes and potentia impacts of human modification of these processes.

9. Greater effortsare needed to monitor and assess Acropora popul ations at local to regional scales, at time

intervasappropriateto the processunder investigation, including studiesto follow individua coloniesat
variouslife stages exposed to different environmental conditionsand anthropogenic stressors.
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